The aim of the present study was to compare the lifestyle (leisure-time physical activity, smoking habits and alcohol consumption) and dietary (energy-yielding nutrients, dietary fibre and foods) factors of Finns with a new syndrome called normal-weight obesity (NWO) with those of lean and overweight Finns. The representative population-based study included 4786 participants (25 -74 years) from the National FINRISK 2007 Study with a health examination and questionnaires. Food intake was assessed using a validated FFQ. NWO was defined to include those with a normal BMI (, 25 kg/m 2 ) but excessive body fat (for men $ 20 % and for women $ 30 %) according to WHO definitions. The proportion of participants with a normal BMI was 28 % in men and 42 % in women. Of these, 34 % of the men and 45 % of the women had the NWO syndrome (among all the participants, 10 and 19 %, respectively). The waist circumference of the NWO participants was between that of the lean and overweight participants. Some potential risk factors, such as physical inactivity, (ex)-smoking and alcohol consumption, were related to NWO. In general, the intakes of energy-yielding nutrients were not associated with NWO. Instead, some healthy dietary factors (e.g. low intakes of meat and soft drinks) as well as unhealthy factors (e.g. low intakes of root vegetables, cereals and fish and high intake of confectionery) were related to NWO. The findings might explain why the NWO participants were of normal weight, but had an excessive body fat percentage. In conclusion, the proportion of normal-weight participants with an excessive body fat percentage was surprisingly high. The identification of NWO people may be of importance because although they appear lean, they have some unhealthy lifestyle and dietary habits related to obesity and overall health. ) and over 20 % of them as obese (3) . The WHO has estimated that there will be about 1·5 billion overweight and obese people worldwide by 2015 if the current trends continue (4) .
The proportion of obese adults has reached an epidemic scale all around the world (1) , moving steadily away from the Healthy People 2010 goal of 15 % obesity prevalence (BMI $ 30 kg/m 2 ) (2) . For example, the prevalence of obesity has reached 20 -30 % in European countries, 30 % in the USA and 70 % in Polynesia (1) . Nearly 70 % of the Finnish working-age men and half of the women are classified as at least overweight (BMI $ 25 kg/m 2 ) and over 20 % of them as obese (3) . The WHO has estimated that there will be about 1·5 billion overweight and obese people worldwide by 2015 if the current trends continue (4) .
BMI has been the most commonly used anthropometric measure to diagnose obesity and predict the risk of chronic diseases. Waist circumference has also been used to assess abdominal obesity. However, it has been reported that there are some obese subjects with normal metabolic indicators, such as blood lipid and glucose concentrations (metabolically healthy obese), as well as subjects who are metabolically obese but of normal weight (5, 6) . Furthermore, a new syndrome called normal-weight obesity (NWO) has recently been identified among normal-weight subjects (BMI , 25 kg/m 2 ) whose amounts of fat stores (body fat percentage) are above the recommendations, e.g. by WHO definitions ($20 % for men and $ 30 % for women) (7) .
Differences in the levels of pro-inflammatory markers have been found among NWO women compared with those among lean women (without excessive fat storages) in an Italian study including less than 100 subjects (7, 8) . In a random sample of inhabitants in the Swiss city of Lausanne (n 6125), the prevalence of the NWO syndrome has been reported to be much higher in women than in men, regardless of the four different cut-off points used for excessive body fat (30 % for both men and women; fixed sex-specific values, 29·1 % for men and 37·2 % for women, as proposed in the National Health and Nutrition Examination Survey (NHANES); age-and sex-specific values derived from an international study, e.g. 26 % for white men aged 20 -39 years; or age-and sex-specific 95th percentiles for the Swiss population) (9) . It has been reported that the levels of cardiovascular risk factors are higher in NWO women than in lean women (10) . The two previous studies related to risk factors were restricted to only women. Furthermore, there were no previous examinations of dietary factors in relation to the NWO syndrome.
In the present study, we assessed the prevalence of the NWO syndrome and its associations with lifestyle factors (leisure-time physical activity, smoking habits and alcohol intake) as well as energy, energy-yielding nutrients, dietary fibre and whole diet. In all, we included twenty-nine food groups such as cereals (rye and wheat), potatoes, vegetables, fruits, fruit juice, meat (pork, beef, poultry and processed meat) and milk (liquid milk, fermented milk and cheese), which are the main components of the Finnish diet or related to obesity based on the previous literature. The main aims were to identify factors that were specifically related to NWO (protective or risk factors for obesity): by first comparing three weight categories (lean, NWO and overweight participants) and then identifying factors that were similar between lean and NWO participants (and might be potential protective factors for obesity) or identifying factors that were similar between NWO and overweight participants (and might be potential risk factors for obesity/high body fat percentage). The study participants were a representative sample of the Finnish population.
Methods and procedures

Sampling
The participants took part in two phases of the National FINRISK 2007 Study conducted by the National Institute for Health and Welfare in Finland (3) . An independent random sample of 10 000 men and women aged 25 -74 years was drawn from the national population register in five large geographical areas at the end of 2006. The sample was stratified by sex, 10-year age category and area. The first phase took place between January and March 2007 including a health examination (including measurements of weight, height, waist circumference, hip circumference and blood pressure as well as collection of blood samples) and health questionnaires on sociodemographic factors, health behaviour (e.g. leisure-time physical activity, smoking habits and alcohol intake) and medical history. All 6258 participants who took part in the first phase of the survey were invited to a more detailed examination on the dietary, lifestyle and genetic determinants of obesity and the metabolic syndrome from April to June 2007. This phase included measurements of anthropometric parameters (weight, waist circumference, hip circumference and body fat percentage), oral glucose tolerance test and a self-administered FFQ. The response rate for the second phase was 80 %; thus, 5024 participated in the study. Of these, 5 % (n 238) were considered non-eligible because of missing dietary information and anthropometric data, heart pacemaker use and pregnancy. Consequently, the final sample included 2216 men and 2570 women (48 % of those invited to participate).
The study was conducted according to the guidelines laid down in the Declaration of Helsinki, and all procedures involving human subjects were approved by the Ethics Committee of Helsinki and Uusimaa Hospital District. Written informed consent was obtained from all the participants for both field research phases.
Anthropometric measures
At the study sites, specially trained nurses measured weight, height, waist circumference and hip circumference of the participants using standardised international protocols (11) . All anthropometric measures were assessed with the participants wearing light clothing and being bare feet. The measurement of weight was rounded to the nearest 0·1 kg and that of height to the nearest 0·1 cm. BMI was calculated as the weight in kg divided by the squared height in m (kg/m 2 ). Waist circumference was measured midway between the lower rib margin and iliac crest. The measurement of waist was rounded to the nearest 0·5 cm. Furthermore, a bioelectrical impedance instrument (TANITA TBF-300MA, Tanita Corporation of America, Inc.) was used to assess body composition, such as body fat percentage. The TANITA method is comparable to a four-compartment method (12) .
Participants with a BMI , 25 kg/m 2 and a body fat percentage under the sex-specific cut-off point defined by the WHO, , 20 % for men and ,30 % for women (13) , were classified as lean. 
Lifestyle characteristics
A self-administered health questionnaire was sent to the participants with an invitation letter for the first health examination. Education, measured as the total number of school years, was divided into birth cohort-specific tertiles. Self-reported leisure-time physical activity consisted of activity outside work and was assessed according to four categories: low (mainly reading, watching television or other light activities); moderate (walking, cycling, gardening or other moderate activities at least 4 h/week); active (brisk running, walking, cross-country skiing, swimming or other physically demanding activities at least 3 h/week); highly active (competitive sports and physically demanding activities several times per week). Because of the low number of highly active participants, the two highest categories were merged into one category related to high leisure-time physical activity. The participants were categorised as never smokers, exsmokers or current smokers. Based on alcohol intake over the previous 12 months, the participants were categorised as abstainers or alcohol users.
FFQ
Food intake over the previous 12 months was assessed using a validated self-administered FFQ updated for the present study (14, 15) . The average use of 131 food items and mixed dishes was recorded by nine frequency categories ranging from never or seldom to at least six times a day. The portion size was fixed for each food item or mixed dish (e.g. slice and glass) based on the dietary interviews of the national FINDIET 2007 Study. The reporting of additional items consumed frequently but not listed in the FFQ was also allowed. The participants completed the FFQ during the 2 h oral glucose tolerance test at the study site, where a trained study nurse reviewed the questionnaire. If the participants were not able to complete all the three questionnaires (healthy questionnaire, FFQ and mental questionnaire) at the study site, they could take the incomplete questionnaires to their homes, fill them in later and send to the National Institute for Health and Welfare. The final decision for the completeness of FFQ was made by a nutritionist. Exclusions were made due to incompletely filled FFQ (e.g. total or partly empty questionnaires or the idea of the FFQ being not understood, n 74) and daily energy intake (EI) cut-off points corresponding to 0·5 % at both ends of the daily EI distributions for men and women (n 48). The average daily intakes of energy, energyyielding nutrients, dietary fibre and twenty-nine food groups (e.g. 'Fruits' includes fruits and berries as such or from desserts and sweet pastries) were calculated with the national food composition database, Fineli w (National Institute for Health and Welfare), using in-house software (16) .
Statistical analyses
The means and 95 % CI of anthropometric measures and lifestyle and dietary factors were calculated based on the weight categories separately for men and women. The distributions of dietary variables were tested for normality using the ShapiroWilk test, and because the null hypothesis was not rejected, log transformation was not needed. Sample weights by age, sex and region (2007) were used in all the analyses. Furthermore, the intake of dietary fibre was adjusted for energy according to the residual method (17) . For all variables, we used simple age-adjusted models (and energy-adjusted ones for fibre and foods). The multivariable models were adjusted for age, education, leisure-time physical activity, smoking and alcohol intake (and energy for fibre and foods). The aim was to find factors that were specifically related to NWO (protective or risk factors for obesity) when comparing the three weight categories. Differences across the weight categories were assessed using linear regression (F test, means) or logistic regression (Wald test, %). We also tried to determine whether there were differences between lean and NWO participants or between NWO and overweight participants. Differences between the specific weight categories were determined using the t test (means) or Wald test (%). All P values were two sided, and P,0·05 was considered to be statistically significant.
The analyses were also carried out with and without under-reporters. To take into account the possible misreporting of EI, the ratio of the reported EI to the predicted BMR (EI/BMR) was calculated using WHO guidelines (18) , and the participants were classified as either under-reporters (EI/BMR # 1·14) or plausible reporters (EI/BMR . 1·14) based on the cut-off points proposed by Goldberg et al. (19) and revised by Black (20) . The analyses were carried out using the SAS statistical software package version 8.2 (SAS Institute, Inc.).
Results
The mean age was 53 (SD 13) years for men and 52 (SD 14) years for women. The mean BMI was 27·4 (SD 4·2) kg/m 2 for men and 27·0 (SD 5·4) kg/m 2 for women. In all, 28 % of the men and 42 % of the women had normal weight. Of these having normal weight, 34 % of the men and 45 % of the women had the NWO syndrome (among all the participants, 10 and 19 %, respectively).
NWO men were the oldest, most leisure-time physically inactive and most likely to be current smokers compared with the other weight categories ( Table 1 ). The prevalence of being ex-smokers, alcohol intake and anthropometric measures in NWO men fell between those in lean and overweight men. NWO women had the highest prevalence of being ex-smokers and consumed high amounts of alcohol compared with the other weight categories (Table 2) . Furthermore, in NWO women, mean age, the prevalence of being low leisure-time physically inactive and anthropometric measures were between those in the lean and overweight categories. NWO and overweight women were more likely to be current smokers compared with lean women. When underweight participants with a BMI , 18·5 kg/m 2 (n 29)
were excluded, the results obtained for lifestyle factors and anthropometric measures based on the weight categories remained similar (data not shown). Furthermore, a normal body fat percentage emerged in 6 % of the overweight men and 1 % of the overweight women. When these participants were excluded, the results remained similar (data not shown).
No statistically significant differences were found for the intakes of energy-yielding nutrients and fibre between lean and NWO men or NWO and overweight men ( Table 3 ). The protein (percentage of energy) intake of NWO women was similar to that of lean women, but lower than that of overweight women (Table 4) . However, the intakes of alcohol (percentage of energy) and fibre were similar between NWO and overweight women, but their intakes of alcohol (percentage of energy) were higher and intakes of fibre were lower than those of lean women.
The intake of beef was highest in NWO men than in the other weight categories ( Table 3 ). The intakes of poultry, processed meat, coffee, soft drinks and sugar were similar between lean and NWO men, but their intakes of sugar were higher and intakes of other nutrients were lower than those of overweight men. Instead, the intakes of cereals and milk were similar between NWO and overweight men, but their intakes of cereals were lower and intakes of milk were higher than those of lean men. The difference in daily intakes of processed meat was 14 g, soft drinks 52 g and milk 51 g between the weight categories.
NWO women consumed high amounts of sugar (especially confectionery) and low amounts of root vegetables compared with the other weight categories ( Table 4 ). The intakes of potatoes, vegetables, oil, meat (especially beef, poultry and processed meat), milk and soft drinks were similar between lean and NWO women, but their intakes of oil were higher and intakes of other nutrients were lower than those of overweight women. Instead, the intakes of cereals (especially rye), fish, cheese and tea were similar between NWO and overweight women, but lower than those of lean women. The difference in daily intakes of vegetables was 33 g, soft drinks 38 g and confectionery 11 g between the weight categories.
The proportion of under-reporters was 18 % in lean men, 18 % in NWO men and 25 % in overweight men. In women, the percentages were 11, 15 and 25, respectively. In general, when under-reporters were excluded, the results remained similar (data not shown). However, the EI was statistically significantly higher in the overweight participants than in the lean and NWO participants in both the sexes. The intakes of SFA (men) and protein (men and women) were the lowest in lean women. Furthermore, no differences were found for the intakes of cereals (men), coffee (men), beef (women) and milk (women) between the weight categories.
Discussion
In the representative Finnish sample of the present study, 28 % of the men and 42 % of the women were of normal weight. Of these, about 40 % had an elevated body fat percentage based on WHO definitions (13) . In the entire study population, the prevalence of the NWO syndrome in women (19 %) was twice as high as that in men (10 %). In the Swiss city of Lausanne, the prevalence of the NWO syndrome was under 1 % for men and between 1 and 28 % for women, depending on the four definitions used (30 % for both men and women; fixed sexspecific values, 29·1 % for men and 37·2 % for women, as proposed in NHANES; age-and sex-specific values derived from an international study, e.g. 26 % for white men aged 20 -39 years; or age-and sex-specific 95th percentiles for the Swiss population) (9) . These definitions were not exactly the same as WHO definitions used in the present study (20 % for men and 30 % for women), and thus, the results between the studies are not directly comparable. When we used the definitions of the Swiss study, the prevalence of the NWO syndrome was either non-existent or surprisingly high (data not shown). This phenomenon also occurred in Lausanne. Clearly, more studies and a consensus on the definition of NWO are required. The proportion of low physically active participants was highest in NWO men compared with the other weight categories, (g)  21·7  19·1, 24·3  19·5  15·3, 23·7  18·7  17·2, 20·2  0·12  0·28 E%, percentage of energy. * Mean values were significantly different from those of lean men (P,0·05; t test). † Mean values were significantly different from those of overweight men (P, 0·05; t test). ‡ Intakes of energy-yielding nutrients were adjusted for age; those of fibre and foods were adjusted for age and energy intake. § Differences across the weight categories were assessed using the F test. k Adjusted for age, education, leisure-time physical activity, smoking, alcohol consumption and energy intake (excluded energy for energy-yielding nutrients). { Energy adjusted using the residual method. ** 'Potatoes' also includes hot chips and fried potatoes. † † 'Fruits' does not include juice.
whereas the proportion of low physically active participants in NWO women fell between that in lean and overweight women. Physical activity should influence long-term weight gain, but findings to support this expectation have been surprisingly inconsistent (21 -24) . In the present study, NWO men included more current smokers compared with the other weight categories. The prevalence of being ex-smokers was the highest in NWO women, whereas their prevalence of being current smokers was between that of lean and overweight women. The result concerning ex-smokers is consistent with prior findings that quitting smoking is associated with weight gain (25) . Smoking, in general, may adversely affect body mass distribution, promoting visceral rather than femoral or subcutaneous fat deposition (26) . The proportion of alcohol consumers in NWO men was in between that in lean and overweight men, whereas NWO women included more alcohol consumers compared with the other weight categories. Previous findings have indicated that the association between alcohol intake and weight change is complex (27) .
With regard to the intakes of energy-yielding nutrients, there were no differences between lean and NWO men or between NWO and overweight men. The protein intake of NWO women was similar to that of lean women, but lower than that of overweight women. Instead, the intakes of alcohol and fibre were similar between NWO and overweight women, but their intakes of alcohol were higher and intakes of fibre lower than those of lean women. It seems that lower protein intake may be a protective factor and high alcohol and low fibre intakes may be risk factors for the NWO syndrome. In all the weight categories the proportion ‡ Intakes of energy-yielding nutrients were adjusted for age; those of fibre and foods were adjusted for age and energy intake. § Differences across the weight categories were assessed using the F test. k Adjusted for age, education, leisure-time physical activity, smoking, alcohol consumption and energy intake (excluded energy for energy-yielding nutrients). { Energy adjusted using the residual method. ** 'Potatoes' also includes hot chips and fried potatoes. † † 'Fruits' does not include juice.
of energy derived from carbohydrates was too low and that derived from protein was too high compared with the Nordic dietary recommendations (28) . While the present study is the first to focus on dietary factors and the NWO syndrome, the results cannot be compared with those of other studies. A recent systematic literature review has summarised that the percentage of macronutrients in the diet is not important for predicting changes in weight or waist circumference (29) . The intake of beef was higher in NWO men than in the other weight categories, whereas the NWO women had the highest intake of sugar, especially of confectionery, and the lowest intake of root vegetables. The intakes of cereals, especially rye (women), fish (women), cheese (women) and tea (women) were similar between the NWO and overweight participants, but lower than the respective intakes of the lean participants. Furthermore, for example, the intakes of different types of meat, potatoes and soft drinks were similar to those of the lean participants, but lower than the respective intakes of overweight men. These findings may partly explain why the NWO participants were of normal weight but had a high body fat percentage. These results are consistent with previous findings that high intakes of sugar-sweetened beverages, sugar and confectionery might promote weight gain in the long term, whereas high intakes of whole grains, vegetables and fruits might promote energy balance (30 -36) . A recent study carried out in three separate US cohorts has found positive associations between weight change and intakes of potato chips, potatoes, sugar-sweetened beverages and meat and negative associations between weight change and intakes of fruits, vegetables, whole grains, nuts and yogurt (27) . In a previous Finnish study, the increase in the intake of sugarsweetened soft drinks from childhood to adulthood has been reported to be positively associated with BMI in adulthood among women but not among men (37) . Differences between the results obtained for men and women may be explained by the general differences in their diet, e.g. added sugar is more common in the Finnish male diet, whereas confectioneries are more common in female diet (38) .
The strengths of the present study include the high number of randomly selected participants in Finland. Although the participation rate was at a reasonable level, we cannot exclude the possibility that non-participation might have affected the results. However, our findings could be an underestimate, because those who usually participate in health examination surveys tend to be more health conscious than non-participants (39) . Under-reporting of food intake is one of the major challenges when studying associations between diet and health (40) . However, in the present study, the results appeared to be similar when under-reporters were excluded. Because the study design was cross-sectional, we examined associations between lifestyle factors, diet and obesity, but not the causal effects.
From a public health perspective, identification of individuals with the NWO syndrome in primary health care might be useful for the early detection and prevention of obesity and obesity-related disorders. Specific unhealthy lifestyle characteristics and dietary factors are associated with the NWO syndrome.
